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$2n$ $p_{j},$ $qi(\mathrm{i}=1,2,\cdots,n)$ ( )
$H=H(p_{1}, \cdots,p_{n},q_{1}, \cdots,q_{n})$ (1)
,
$\frac{dH}{dt}=\sum_{i=1}^{n}(\frac{\partial H}{\partial p_{i}}\frac{dp_{i}}{dt}+\frac{\partial H}{\partial q_{i}}\frac{dq_{i}}{dt}1$ (2)
$\frac{dp_{i}}{dt,\vee}=-\frac{\partial H}{\partial q_{i}},$ $\frac{dq_{i}}{dt}=\frac{\partial H}{\partial p_{i}}(i=1,2, \cdots,n)$ (3)
,
, $0$ (3) ,








$E_{i}= \exp(h\frac{\partial}{\partial t_{i}})$ (6)







, (4) $E_{1}E_{2}\cdots E_{n}-1$
$\mathrm{H}\mathrm{i}\mathrm{r}\mathrm{o}\mathrm{t}\mathrm{a}[1]$ E, $- 1$ 1 $(E$ 7+1 $)$/2
, ( ,
h/2 ) ,









(8) (9) $1-n$ , $n$ !
, Itoh&Abe[5]





$E_{1}E_{2} \cdots E_{n}-1=\sum_{=i1}\hslash(E_{i}-1)M(E_{1}, \cdots, E,Ej-1i+1’\ldots, E_{n})$ (10)
,





$1$ 1 ... 1
:. :. .:





$\text{ }$ per permanent (plus determinant) [7]o , $M$
, (11)
$\frac{\Delta F}{\Delta t}=\sum_{i=1}^{n}\delta[\chi]i\mu[x_{\iota}, \cdots,\chi_{i-1},\chi_{i+}1’\ldots,x_{n}]F\frac{\Delta x_{i}}{\Delta t}$ (12)
$\delta[x_{i}]F(x_{1’ 2}\chi, \cdots,x_{n})$




$=M(E_{i},E_{j}, \cdots,E_{m})F(x_{\mathrm{i}}(t), \cdots,\chi_{i}(t_{i}), \cdots,x_{j}(t_{j}), \cdots,x_{m}(t_{m}), \cdots,x(t))|t=t=\cdots=t=fijm$






$= \frac{1}{6}\{2F(x_{1}^{k+}1,X_{2}^{k+},X_{3}1k, \cdots,x_{n}^{k})+F(\chi^{k+}11,x_{2}^{k},x_{3}k, \cdots,x_{n}^{k})$
(16b)
$+F(X_{1}^{k},Xk+21,X_{3}^{k}, \cdots,x_{n}^{k})+2F(X^{k},\chi^{k}12’ 3X^{k}, \cdots,x_{n}^{k})\}$
,
$\mu[X,X12’\ldots,x_{n}]1=1$ (17a)
$\mu[x,x12’\ldots,x_{n}]F(xx_{2}1’, \cdots,x_{n-1})--\mu[x,X12’\ldots,x_{n-1}]F(x,\chi 12’\ldots,x_{n-1})$ $(17\mathrm{b})$
(12) , (1)
$\frac{\Delta H}{\Delta t}=\sum_{i=1}^{n}\{$
$\delta[p_{i}]\mu[p_{1}, \cdots,p_{i-1},pi+1’\ldots,p_{n},q_{1}, \cdots,q_{n}]H\frac{\Delta p_{i}}{\Delta t}$
(18)
$+ \delta[q_{i}]\mu[p_{1}, \cdots,p_{n},q_{1}, \cdots,q_{i-1},q_{i+1}, \cdots,q_{n}]H\frac{\Delta q_{i}}{\Delta t}\}$
, (3)
$\frac{\Delta p_{i}}{\Delta t}=-\delta[q_{i}]\mu[p_{1}, \cdots,p_{n},q_{1}, \cdots\prime q_{i-1},q_{i+}1’\ldots,q_{n}]H$








, (19) $\mathrm{G}\mathrm{e}\mathrm{a}\mathrm{r}[4]$ Greenspan[8] –
,
1 chain rule
chain rule , $F(x,y)=F(G(x,y))$ ,
$\frac{\Delta F}{\Delta t}=\mathrm{d}x]\mu[y]F\frac{\Delta x}{\Delta t}+\delta[y]\mu[x]F\frac{\Delta y}{\Delta t}$
(22)
$= \frac{\Delta F}{\Delta G}\frac{\Delta G}{\Delta t}=\frac{\Delta F}{\Delta G}(\delta[x]\mu[\mathcal{Y}]c\frac{\Delta x}{\Delta t}+\delta[\mathcal{Y}]\mu[\chi]c\frac{\Delta y}{\Delta t})$
,
$\mathrm{d}x]\mu[\mathcal{Y}^{]}F\neq\frac{\Delta F}{\Delta G}\delta[_{X][_{\mathcal{Y}}]}\mu c, \Phi]\mu[_{X}]F\neq\frac{\Delta F}{\Delta G}\text{ }y]\mu[X]G$ (23)
,
$H= \frac{1}{2}p_{\chi}^{2}+\frac{1}{2}p_{y}+V(2r),$ $r=\sqrt{x^{2}+y^{2}}$
$\frac{dp_{X}}{dt}=-\frac{\partial H}{\partial x}=-\frac{\partial V}{\partial x}=-\frac{dV}{dr}\frac{\partial r}{\partial x}=-\frac{dV}{dr}\frac{X}{r}$
(24)
$\frac{dp_{y}}{dt}=-\frac{\partial H}{\partial y}=-\frac{\partial V}{\partial y}=-\frac{dV}{dr}\frac{\partial r}{\partial y}=-\frac{dV}{dr}\frac{y}{r}$








$\frac{\Delta x}{\Delta t}=\delta[p_{\chi}]\mu[p\mathcal{Y}y\prime x,]H=\mu \mathrm{r}p_{X}]px$ (26)






, , $V$ $r^{2}$
1 chain rule ,
$\frac{\Delta V}{\Delta t}=\frac{\Delta V}{\Delta r^{2}}\frac{\Delta r^{2}}{\Delta t}=\frac{\Delta V}{\Delta r}(\frac{\mu[X]X}{\mu[r]r}\frac{\Delta x}{\Delta t}+\frac{\mu[y]y}{\mu[r]r}\frac{\Delta y}{\Delta t})$
(29)
,
$\frac{\Delta p_{X}}{\Delta t}=-\frac{\Delta V}{\Delta r}\frac{\mu[x]X}{\mu[r]r}$ $(\neq-\delta[x]\mu[y]V)$
(30)












$\frac{dp_{r}}{dt}=-\frac{\partial H}{\partial r}=\frac{1}{r^{3}}p^{2}\theta^{-\frac{dV}{dr}}$ , $\frac{dp_{\theta}}{dt}=-_{Tff}\partial H=0$ (31)
$\frac{dr}{dt}=\frac{\partial H}{\partial p_{r}}=p_{r}$ , $\frac{d\theta}{dt}=.\frac{\partial H}{\partial p_{\theta}}=\frac{1}{r^{2}}p_{\theta}$
$\frac{\Delta p_{r}}{\Delta t}=-\delta[\gamma]\mu[p_{r},p\theta’\theta]H=-(\delta[r]^{\frac{1}{2r^{2}}})(\mu[p_{\theta}]p^{2}\theta)-$ d $V(r)$
$\frac{\Delta p_{\theta}}{\Delta t}=-$ \theta ]\mu U $r’ p_{\theta},r$]$H=0$ (32)
$\frac{\Delta r}{\Delta t}=\text{ }\mathrm{j}\mu\tau\theta$
’
$r,$










$L=,$ $B=[_{0}^{a_{0}}0.\cdot.1-.\cdot..\cdot.\cdot a_{1}0..\cdot.\cdot 00^{\cdot}..\cdot..a_{n- 1}...0^{\cdot}.\cdot.\cdot.-a_{n-1}000^{\cdot}..]$ (34)
,









$\frac{\Delta I_{m}}{\Delta t}=\frac{1}{\Delta t}(E_{\iota}E\cdots E-2m1)\mathrm{t}\mathrm{r}(L(t_{1})L(t_{2})\cdots L(t_{m}))|t=t1\mathrm{z}=\ldots=\mathrm{f}=mt$
$= \sum_{i=1}^{m}\frac{(E_{i}-1)}{\Delta t}M(E\iota’\ldots,E_{i-1},E\cdots,Ei+1’ m)\uparrow \mathrm{r}(L(t_{1})L(t)2\ldots L(t_{m}))|t=\mathrm{f}t=\iota \mathrm{z}^{=\cdots=}mt$
(38)
$=ml \mathrm{r}(\frac{\Delta L}{\Delta t}M(E\cdots,E2’ m)L(t_{2})\cdots L(t_{m})|t=\cdot\cdot=t=t)2m$
$\frac{\Delta L}{\Delta t}=M^{t\mathrm{f}}(E_{0},E_{1})(B(t_{0})L(t_{1})-L(t_{1})B(t_{0}))|t_{0}=\iota_{1}=t(M^{\#}(EE0’ 1)=M^{t}(E_{1},E_{0}))\dagger$ (39)
($M\#$ )
159
$\frac{\Delta I_{m}}{\Delta t}=m\mathrm{t}\mathrm{r}\{M^{\#}(E_{0},E_{1})M(E_{2}, \cdots,E_{m})B(t_{0})(L(t_{1})L(t_{2})\cdots L(tm)-L(\mathrm{r})2\ldots L(tm)L(t1))|t=t=\cdots=t=t01m\}$ (40)
, $m=1$ $I_{1}$
$\frac{\Delta I_{1}}{\Delta t}=\mathrm{t}\mathrm{r}\{M^{\#}(E_{0},E_{1})B(t_{0})(L(t_{1})-L(t_{1}))|t=t=\iota 01\}=0$ (41)
, $M\#$ , $(M\#=1)$
, $m=2$ $I_{2}$




$\frac{\Delta I_{2}}{\Delta t}=2\mathrm{t}\mathrm{r}\{M(E_{0})B$(t)o $(M(E_{1})L(t_{1})M(E_{2})L(t_{2})-M(E_{2})L(t_{2})M(E_{\iota})L(t_{1}))|t=t=t=t012\}=0$ (44)
,
$m=3$ ,
$\frac{\Delta I_{3}}{\Delta t}=3\mathrm{t}\mathrm{r}\{M(E_{0})B(t0)M(E1)M(E_{2},E_{3})(L(t_{1})L(t_{2})L(t_{3})-L(t)2L(t3)L(t1))|t_{0}=\iota_{1}=1_{2}=t_{3}=t\}$ (45)
$M(E_{2},E_{3})\neq M(E_{2})M(E_{3})$ (46)
,




, $n$ F $r$
$t-(r-1)h,$ $t-(r-2)h$, $\cdot$ .., $t-h,$ $t(r\geq n)$ (48)
160














$v_{\gamma}[X_{1},\chi_{2}, \cdots,\chi n]F(Xx_{2}, \cdots,x_{n-})\iota’ 1=v_{\gamma}[_{X_{1}},x, \cdots,x_{n-1}]2F(\chi_{1},\chi_{2}, \cdots,x )$
(52b)
$(EE \cdots E-112n)N_{\gamma}(E,E12’\ldots,E_{n})=\sum_{i=1}^{n}\frac{E_{i}-E_{i}^{-}(r-1)}{r}N_{r}-^{\iota}(E_{1}, \cdots,E_{i-\iota’ i1}E+’\ldots,E_{n})$ (53)
,








$\frac{\Delta_{(r)}p_{i}}{\Delta_{(r)}t}=-\delta_{(\Gamma}[)qi]v_{r-1}[p1’\ldots,p_{n},q_{1}, \cdots,q_{i-1},qi\star 1’ ...,q_{n}]H$
$\frac{\Delta_{(r)}q_{i}}{\Delta_{(r)}t}=$ $\delta_{(r)}[p_{i}]\mathcal{V}_{r-1}[p_{1}, \cdots,p_{i-1},p_{i1}+’\ldots,p_{n},q_{1}, \cdots,q_{n}]H$
(57)
, (54)
$, \frac{\Delta \mathcal{V}_{\Gamma}[p_{1’ p_{n},q}1’ qn]H}{\Delta t}\ldots,$$\cdots=0$ (58)
, , $r\geqq 2n$
- , $r$
,
$H=T(p_{1}, \cdots,pn)+V(q_{1}, \cdots,q_{n})$ (59)





$F(x_{1}, \cdots,x_{n})=c(\mathcal{Y}_{1}, \cdots,y_{s}),$ $y_{i}=y_{i}(x_{1n}, \cdots,X)$
(61)
, ,





$\frac{\Delta_{(r)}F(_{X_{1n}},\cdots,X)}{\Delta_{(r)}t}=\sum_{\iota i=}\delta_{(\Gamma}[nX)i\chi]\mu(r)[1’\ldots,xxi-1’ i+1’\ldots,x_{n}]F\frac{\Delta_{(r)}x_{i}}{\Delta_{(r)}t}$ (64)
$\mu_{(r)}[_{X_{i},x}j’\ldots,mx]F(X_{1}, \cdots,x_{n})$








$a_{1}^{-(-}r1)a_{2}^{-(_{\Gamma}- 1)}\ldots a_{n- 1}^{-(\gamma}-1)$
:. :. .:.
,




(64) (12) , $r=1$ (12) (62)
(63) (3) , ,
$\frac{\Delta v_{r}[H]H}{\Delta t}=0(\mathrm{r}\geq 1)$ (67)
$\frac{\Delta_{(r)}p_{i}}{\Delta_{(r)}t}=-\delta_{(r)}[qi]\mu(r)[p1$
’










$L= \frac{1}{2}\sum_{=i1}^{n}\sum_{j=1}^{n}T_{j}(iq_{1}, \cdots, q_{n})\dot{q}_{i}\dot{q}_{j}-V(q_{\iota}, \cdots,q_{n})(T_{ij}=\tau)ji$ (69)
,
$\frac{d}{dt}\frac{\partial L}{\partial\dot{q}_{i}}-\frac{\partial L}{\partial q_{i}}=0$ (70)
,
$\frac{d}{dt}\sum_{j=1}^{n}\tau\dot{q}ijj-\frac{1}{2}j\sum_{=1k}^{n}\sum_{1=}n\frac{\partial T_{jk}}{\partial q_{\mathrm{i}}}\dot{q}j\dot{q}k\frac{\partial V}{\partial q_{i}}+=0$ (71)
$H= \frac{1}{2}\sum_{i=1j1}^{n}\sum T(=nijq_{1}, \cdots, q_{n})\dot{q}_{i}\dot{q}j+V(q_{1}, \cdots, q_{n})$ (72)
,
163
$\frac{dH}{dt}=\sum_{\mathrm{i}=1}^{\mathrm{n}}(^{\frac{d}{dt}\sum_{1}^{n}T_{i}-}j=jk1\frac{\partial T_{jk}}{\partial q_{i}}j\dot{q}j\dot{q}\frac{1}{2}\sum_{=1}\sum_{=}^{n}nj\dot{q}_{k}+\frac{\partial V}{\partial q_{i}}1^{\dot{q}_{i}=0}$ (73)
, qi
, 2 , $T_{ij}$ $V$ 2
2
$\overline{H}=\frac{1}{2}\sum_{1\mathrm{i}=}^{n}\sum_{j=1}v_{2}[T_{ij}n]\tau ij^{\frac{\nabla q_{i}}{\nabla t}\frac{\nabla q_{j}}{\nabla t}}+v_{2}[V]V$ (74)
,
$\frac{\Delta\overline{H}}{\Delta t}=\sum_{i=1}^{n}\{^{\frac{1}{\Delta t}\Delta\sum_{1}^{n}}j=2v[T_{i}]j\tau_{ij^{\frac{\Delta q_{j}}{\Delta t}}}$
$- \frac{1}{2}\sum_{1j=}^{n}\sum_{k=1}^{n}(\delta(2)[q_{i}]\mu(2)[q1’\ldots,q_{i-1},qi+1’\ldots,q_{n}]T_{jk})^{\frac{\nabla q_{j}}{\nabla t}\frac{\Delta q_{k}}{\Delta t}}$
(75)
$+\delta_{(2)i}[q]\mu(2)$ [$q1’\cdots,$ qi-l’ $q_{i}+1’\cdots,qn$ ] $V \}\frac{\Delta_{(2)}q_{i}}{\Delta_{(2)}t}$
,
$\frac{1}{\Delta t}\Delta\sum_{j=1}^{n}v2[\tau ij]\tau ij\frac{\Delta q_{j}}{\Delta t}$
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